Examination of the eyes in the course of routine inspections in the School Medical Service is generally confined to establishing the presence of any obvious external eye disease, squint, and subnormal visual acuity. In different school returns some 20 to 30 per cent. of children are found to have defective visual acuity on school-leaving age, and the correction of refractive errors is, in fact, the largest aspect of the care of the eyes provided by the School Medical Service. That a certain number of boys, probably as much as 8 per cent., have some colour defect has been established by many special studies. The fact that some 1 *5 per cent. of children show manifest squint raises the possibility that many more suffer from minor muscle imbalance. Since defects in colour vision and muscle balance exclude adults from certain specified occupations, and may constitute a serious handicap in others where no definite standards are laid down, it seems worth while to determine the extent of anomalies in visual function other than central visual acuity. Two were re-investigated in 1953 to assess efficiency at work against the ocular findings.
FUNCTIONS TESTED AND METHODS USED
Visual acuity with and without glasses was taken in all cases; where glasses were needed these were worn in assessing the following functions: accommodation, convergence, muscle balance, binocular vision, colour vision, and dark adaptation. In children haemoglobin readings were carried out in addition, since both dark adaptation and haemoglobin may be affected by nutrition. The methods employed are given in Appendix I.
FINDINGS IN SCHOOL CHILDREN BASIC DATA.-These are summarized in Table I. (a) Visual Acuity without Glasses.-Some 29 per cent. of children showed visual acuity of less than Amongst those whose visual acuity was subnormal without glasses the chances were even that other functions would be subnormal. The gross incidence of other defects was rather higher and more broadly distributed than in children with normal vision.
It may be noted that no child was abnormal in all the visual functions.
CORRELATIONS.-The inter-correlation between pairs of characteristics was tested. No strong associations were found but some statistically significant though weak associations are shown in Table III . No statistically significant association was found between dark adaptation and haemoglobin levels. Dark adaptation was subnormal in 36 out of 602 children with normal haemoglobin levels and in one case out of21 with subnormal levels (exact probability method of Fisher gave p = O * 64). Table IV. (a) Visual Acuity without Glasses.-Four age groups were considered: 21-24, 25-30, 31-34, and 35-40 years. The four groups taken as a whole show visual acuity of 6/6 or more in the worse eye in some Table IV against each function. As in the children they were assessed on clinical grounds and generally agreed with those derived from the distribution of the actual findings. With three functions-visual acuity, accommodation, and dark adaptationcapacity varied with age, but the criteria for normality shown in Table IV were those found for the group as a whole. It will be noted that the same standards were used for adults as for children for visual acuity, muscle balance, binocular vision, and colour vision, and that lower standards for adults were employed for convergence, accommodation, and dark adaptation.
INCIDENCE OF DEFECTS.-The adults, like the children, showed a considerable incidence of defects in functions other than central visual acuity (Table IV) .
The anomalies observed for the different categories of unaided visual acuity are also shown in Table IV . As in the children, the incidence of anomalies was almost consistently higher in those with defective visual acuity than in those with good vision.
PROPORTION OF NORMAL ADULTS.- Table V, covering 493 cases with complete records, shows that 316 men with normal visual acuity had a total incidence of 55 1 per cent. of other defects, so that the 64 1 per cent. of the total with normal vision was reduced to 28 8 per cent. with completely normal ocular functions. Only a little more than one quarter of adults were therefore normal by all the criteria used here. It may also be noted that of 177 adults with visual acuity below normal, 31 1 per cent. were normal in every other respect. (ii) About 60 per cent. of adult men have unaided normal visual acuity, but the incidence of anomalies of other visual functions, excepting colour vision and binocular vision, is considerably higher than in children. (This higher incidence takes into account the normal physiological decrease in capacity.for convergence, accommodation, and dark adaptation.
For muscle balance the same criteria were used as for children).
The adult man who finds that his distance vision and his capacity for near work are failing, has ready recourse to glasses, which largely overcome these disabilities. He knows that colour defects are irremediable, and both by official action and by self-selection certain occupations are barred to such men. Decrease in the capacity for dark adaptation is only exceptionally sufficient to impose a definite handicap. It is with the heterophorias, poor convergence, and exceptionally with poor binocular vision, that real, though ill-recognized problems, may arise. The considerable increase in the incidence of the heterophorias with age presents a double clinical difficulty. The ophthalmologist has to assess firstly whether the heterophorias, as arbitrarily defined in the present study, produce symptoms, and secondly whether they are amenable to treatment.
(6) SIGNIFICANCE OF VISUAL DEFECTS UNDER FIELD CONDITIONS.-In 1953, some 5 years after the original survey, a follow-up of the children and adults previously examined was attempted. Adequate data could be obtained on 320 of the 654 children originally examined, and on 354 of the 501 men. Information was obtained on the children's progress after leaving school and this was set against the findings on their eyes. An assessment of the men's efficiency at their work was likewise set against their ocular record.
(a) Follow-up of School Children.-In the 5 years or so that had elapsed most of the children had entered industry, and towards the end of this period most of the boys had been drafted to the Services. It was thus possible to assess how their careers had shaped: some had obviously progressed in their work (having risen, for example, from junior clerkships to more responsible posts-Group 1), and many more had maintained their positions (staying as apprentices to compositors, continuing at technical schools, holding their own at office work or in a factory, and so on-Group 2). As against these two groups of children whose careers were essentially satisfactory, others had poorer records: some had shown little tendency to engage in any but menial or "blind-alley" occupations (Group 3), some had changed their occupation frequently (Group 4), and a few seemed to be drifting aimlessly (Group 5). These five groups and the ocular findings are shown in Table VII (opposite), which shows that a poor visual score is not a significantly adverse factor in the shaping of a career, but that other factors obviously have a more determining effect. It should, however, be noted that this assessment could not be made on the basis of specific visual requirements for specific tasks.
(b) Follow-up of Post Office Engineers.-Of the total of 354 men for whom follow-up information was available, thirteen were excluded from further consideration as they fell into two small occupational groups. The remaining 341 men were employed on three distinct types of work. The visual requirements of two groups were considered to be very much the same, whilst those of the third group were thought to be rather less stringent. The visual records of these workers were set against the rating each had obtained for efficiency at his work, as shown in Table VIII (opposite).
It will be seen that the group with only moderate efficiency showed a rather greater incidence of visual defects than was found in those with higher degrees of efficiency. The differences observed were not, however, large enough to be statistically significant; * The same criteria were used as before, except that 6/9 vision was regarded as normal.
The total incidence ofdefects is about the same in both these groups. The excess ofthose with more than three defective functions in the less satisfactory group is not statistically significant. These differences are not large enough to be statistically significant. Their consistency does, however, suggest that visual defects played some part in producing efficiency graded as only moderate.
their consistency suggests that they do play a part, though clearly there are other factors.
(7) SoME TENTATIVE CONCLUSIONS.-The findings justify the following observations: (i) There is no case for extending the routine medical examination at school to cover visual functions other than central acuity.
(ii) There is a case for assessing specific visual functions for specific tasks.
(iii) The requirements of specific industries need to be established. Only a few have any clear criteria, though there is much to suggest that industrial efficiency and individual contentment call for such requirements to be clearly known.
(iv) An investigation into the possibilities of ameliorating visual defects other than those of central visual acuity in school children is warranted. Nothing can be done for congenital. colour defect, or for children lacking binocular vision, but knowledge on other matters is needed. The practical significance of defective dark adaptation remains to be assessed. The nature and significance ofanomalies of accommodation, convergence, and muscle balance are ill-understood. As these functions are all largely muscular in type and-do not appear to be markedly correlated with visual acuity, there is a possibility that they are determined by systemic rather than local factors, though an ocular factor is suggested by the greater incidence of such anomalies in children with unaided subnormal vision. The relative significance of systemic and ocular factors needs to be determined, as also whether anomalies of muscle action cause disabilities, and whether they are amenable to treatment. Information so gained in children should be invaluable in assessing the importance to be attached to the considerably greater incidence of such anomalies in the adult population. SUMMARY (1) The different functions of vision-central visual acuity, accommodation, convergence, muscle balance, binocular vision, colour vision, and dark adaptation-were tested in 654 children aged 12 to 14 years, and in 501 men aged 21 to 40 years.
(2) Conventional criteria of normality were adopted; these were largely confirmed by the distribution curves obtained in this material.
(3) In children, 74 9 per cent. were found to have normal visual acuity, but only 52 1 per cent. were normal in all respects. In adults, 64 1 per cent. had normal visual acuity, and 28 8 per cent. were normal in all respects.
(4) In both children and adults the incidence of defects other than those of visual acuity was considerably higher in those whose central visual acuity was subnormal.
(5) Except for colour vision and stereoscopic vision, the incidence of anomalies was found to increase markedly with age. In consequence, whilst relatively few children showed more than one defect, the incidence of multiple defects in adults was considerable.
(6) There is some evidence that both systemic and local factors are responsible for anomalies other than those of central visual acuity, and for the increased incidence of some anomalies with age.
(7) The functional significance of the relatively unconsidered anomalies, especially those of muscle balance and stereoscopic vision, and whether these anomalies are remediable, remains to be assessed.
(8) A follow-up after 5 years of the school children examined offered no suggestion that anomalies in visual functions had significantly affected their careers, though owing to the large number of occupations involved it was not possible to relate this inquiry to specific occupations. A similar follow-up inquiry amongst the adults examined could be related to specific tasks; here it appeared that there might be some relationship between efficiency at work and the visual capacity required for particular tasks.
(9) The need for specific visual standards for different occupations is indicated.
Our Each eye was tested separately and both eyes together with and without glasses. Visual acuity was recorded according to the lowest line of which all the letters were read correctly plus any letters correctly read in the next line. If more than half the letters were read correctly that line was taken as the measure of visual acuity for analysis.
Children without glasses and having less than 6/9 vision in one eye were refracted and tested for the other visual functions with glasses if prescribed. With correction it was exceptional for a child not to have full vision.
(2) AcCOMMODATION.-The Livingston binocular gauge was used and each eye was tested separately. The end-point was taken not at inability to read but at the onset of subjective blurring of type.
(3) CONVERGENCE.-The Livingston binocular gauge was used, taking as end-point the objective deviation of the corneal reflexes,
